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VACUUM SUCTION SYSTEM 
AND METHOD OF CONTROLLING THE SAME 

Field of the Invention 
5 This invention relates to a vacuum suction system 

and a method of controlling the same, for sucking works, 
including electronic parts such as chip parts, into a 
work receiving opening. 

10 Related Art 

Figs. 5, 6, and 7 illustrate a conventional vacuiim 
suction system for sucking a work into a work receiving 
opening. Fig. 5 is a vertical cross-sectional drawing 
showing an example of a part of the vacuum suction 

15 system using a conveyor table. Fig, 6 shows the piping 
system of the vacuum suction system part illustrated in 
Fig. 5, while Fig. 7 is a time chart explaining the 
relationship between the load ratio and the vacuum level . 
In Fig. 5, a conveyor table 2 is rotatably disposed 

20 on top of a tcible base 3, while the table base 3 is 
fixedly disposed on a base 4. In addition, there is a 
plurality of work receiving openings 5 arranged in a 
circle and penetrating through the conveyor table 2. The 
work receiving openings 5 constitute a plurality of rows 

25 of concentric receiving openings . 

Vacuum suction channels 30 are disposed in the 
table base 3. The vacuum suction channels 30 penetrate 
through the table base 3 and the base 4 to connect with 
a vacuxam pipe 9 via a vacuxim suction opening 8. The 

30 vacuum pipe 9 connects with the vacuum generation source 
17 as shown in Fig. 6. A negative pressure detection 
sensor 31 is disposed between the vacuum suction 
channels 30 and the vacuum generation source 17. Further, 
the vacuum suction channels 30 are formed of circles 

35 concentric with the rows of receiving openings 5, and 
each vacuum suction channel 30 connects with a part of 
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the plurality of work receiving openings 5 formed in the 
rows . 

A work discharge part is also disposed on the 
conveyor table 2. As shown in Fig. 5, a jet nozzle 11 is 
5 disposed on the work discharge part and penetrates 
through the table base 3 and the base 4 . The jet nozzle 
11 connects to a compressed air controlling means (not 
shown) via a compressed air pipe 12. 

As shown in Figs . 5 to 1 , the vacuum suction 

10 channels 30 are connected to the vacuum generation 
source 17 via the vacuum pipe 9 and the vacuiom suction 
opening 8. The vacuum generation source 17 creates a 
state of negative pressure in the vacuum suction 
channels 30, and as a result the work receiving openings 

15 5 connected to the vacuxam suction channels 30 are 
negatively pressurized. Works W that are placed on the 
conveyor table 2 or in contact with the conveyor table 2 
are loaded into the work receiving openings 5 due to the 
negative pressure of the work receiving openings 5. 

20 Leakage occurs between the work receiving openings 

5 and the vacuvmi suction channels 30, and therefore when 
all the work receiving openings 5 are loaded with works 
W, the vacuum level in the vacuum suction channels 30 is 
at its maximum level (hereinafter "maximum vacuum level 

25 P5") . When none of the work receiving openings 5 is 
loaded with works W and all the work receiving openings 
5 remain open, the vacuum level in the vacuxom suction 
channels 30 is at its minimum vacuum level (see Fig. 7) . 

In the conventional vacuum suction systems, even 

30 when all of the work receiving openings 5 are in open 
positions and the vacuum level is at the minimiom level, 
the minimum level in the vacuum suction channel 30 is 
set at a level adequate to suck the works W into the 
work receiving holes 5 and load them. However, the work 

35 receiving openings 5 are connected directly to the 
vacuum suction channels 30 and since the flow channel 
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resistance between the work receiving openings 5 and the 
vacuum suctions channels 30 is low^ even if only some of 
the work receiving openings 5 are not loaded with works 
W, the drop in the vacuiom level from the maximum vacuum 
5 level P5 becomes very large. In such a case, in order to 
maintain a minimxam vacuum level needed to load works 
the maximum vacuum level P5 becomes extremely high. 
Then, when compressed air is jetted from the jetting 
nozzle 11 to discharge the work the compressed air 

10 and the suction power offset each other and there are 
cases when the works W cannot be discharged. In addition, 
when the suction power on the works W rises, the 
friction between the work W and the table base 3 also 
increases , while the conveyor table 2 and the table base 

15 3 become sucked together due to the air suction between 
them, which in turn impedes the rotation of the conveyor 
table 2. 

SUMMARY OF THE INVENTION 

20 An object of the present invention is to provide a 

vacuum suction system and a method of controlling the 
same that are capable of ensuring that the works are 
loaded securely into a conveyor table, the works are 
steadily conveyed by the conveyor table and the works 

25 are properly discharged. 

A vacuum suction system according to the present 
invention comprises a vacutim leak generation part, a 
vacuum generation mechanism connected to the vacuvim leak 
30 generation part, and a vacuum level adjustment mechanism 
connected to the vacuum generation mechanism to adjust a 
vacuum level of the vacuum leak generation part. 

The vacuum leak generation part may include a 
conveyor table having a work receiving opening for 
35 receiving a work. 

The vacutjm leak generation part may include a table 
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base disposed on the side of the vacuum generation 
mechanism of the conveyor table, with a vacuum suction 
channel to connect with the work receiving opening. 

The vacuum suction system may have a minute 
5 sectional suction channel located between the vacutmi 
suction channel and the work receiving opening on the 
side of the tcd:>le base of the conveyor table. 

The vacuum level adjustment mechanism may include a 
negative pressure sensor to detect the vacuum level of 

10 the vacuum leak generation part, a compressed air 
generation source for generating a compressed air, and 
an adjustment part to jet out the compressed air from 
the compressed air generation source to the vacuiim leak 
generation part based on a signal from the negative 

15 pressure sensor. 

The adjustment part may jet out the compressed air 
based on the signal from the negative pressure sensor 
when the vacuum level rises above a maximum level, and 
stop the compressed air when the vacuum level falls 

20 below a minimum level . 

A method of controlling a vacuum suction system 
comprises a vacutmi leak generation part, a vacuum 
generation mechanism connected to the vacutom leak 
generation part, and a vacuum level adjustment mechanism 

25 connected to the vacuiam generation mechanism for 
adjusting a vacuum level of the vacuum leakage 
generation part, and including a negative pressure 
sensor to detect the vacuum level of the vacuum leak 
generation part, a compressed air generation source, and 

30 an adjustment part, the method comprising the steps of: 
generating a vacuum in the vacuxom leakage generation 
part by the vacuum generation mechanism, detecting the 
vacuum level of the vacuxim leakage generation part by 
the negative pressure sensor of the vacuum level 

35 adjustment mechanism, and jetting out a compressed air 
from the compressed air generation source to the vacuum 
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leak generation part by the adjustment part of" the 
vacuxom level adjustment mechanism based on a signal from 
the negative pressure sensor. 

The adjustment part may jet out the compressed air 
5 based on the signal from the negative pressure sensor 
when the vacuTom level rises above a maximum level, and 
stop the compressed air when the vacuiam level falls 
below a minimtom level . 

The adjustment part may jet out the compressed air 
10 intermittently based on the signal from the negative 
pressure sensor when the vacuum level rises above the 
maximum level • 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 Fig. 1 shows a piping of a vacuum suction system of the 
present invention. 

Fig. 2 shows an operational flowchart of the present 
invention . 

Fig. 3 is a plan view showing a work conveyor apparatus 
20 including the vacuum suction system of the present 
invention. 

Fig. 4 is an enlarged view of the work conveyor 
apparatus in Fig. 3. 

Fig. 5 shows a conventional vacuxjun suction system. 
25 Fig. 6 shows a piping of the system described in Fig. 5. 
Fig. 7 shows a relationship between a work load rate and 
a vacuum level . 



PREFERRED EMBODIMENT OF THE INVENTION 
30 The embodiment of the present invention will now be 

explained with reference to the attached drawings. Figs. 

1-4 illustrate a vacuum suction system and method of 

controlling the Seune according to the present invention. 

Fig. 1 shows a piping of the vacuum suction system; Fig. 
35 2 shows a flowchart illustrating the operations of the 

vacuum suction system; Fig. 3 is a plan view showing a 



work conveyor apparatus including the system of the 
present invention; Fig. 4 (a) is an enlarged plan view 
of the work conveyor apparatus; Fig, 4 (b) is a side 
sectional enlarged view of the work conveyor apparatus. 
5 The present invention will be first explained with 

reference to Figs. 3-4 showing the work conveyor 
apparatus including the vacuum system of the present 
invention. A work conveyor apparatus 1 shown in Fig. 3 
has a table base 3 fixedly disposed on a base 4, and a 

10 conveyor table 2, which turns rotatably on the table 
base 3 and has a plurality of work receiving openings 5. 

The work receiving openings 5 in the conveyor table 
2 penetrate through and are arranged in the conveyor 
table 2 at fixed intervals. The plurality of work 

15 receiving openings 5 form receiving opening rows 5a 
having concentric circles. Vacuum suction channels 7 are 
disposed on a surface of the table base 3 on the side of 
the conveyor table 2 to generate negative pressure in 
the receiving opening rows 5a on the conveyor table 2 . 

20 As shown in Figs. 4 (a) (b) , each work receiving opening 
5 of the conveyor tcQDle 2 is connected to the 
corresponding vacuum suction channel 7 via a minute 
sectional suction channel 6. In this case, the minute 
sectional suction channels 6 are disposed on a surface 

25 the conveyor table 2 on the side of the table base 3. 
The vacuum suction channels 7 are connected to the 
vacuum pipes 9 via a plurality of vacuxam suction 
openings 8 which penetrate through the table base 3 and 
base 4. The vacuum pipes 9 are connected with the vacuum 

30 supply parts 15, 17, and 20. 

In a work discharge region of the work conveyor 
apparatus 1 shown in Fig. 3, a jetting nozzle 11 is 
disposed to penetrate through the tsJDle base 3 and the 
base 4 as shown in Fig. 4. The jetting nozzle 11 is 

35 connected to a compressed air controlling means (not 
shown) via a compressed air pipe 12. 
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In Fig. 1, the previously mentioned vacuum supply 
parts 15, 17, 20 comprise a vacuum level control part 15, 
a vacuum generation source 17 and a compressed air 
generation source 20. The vacuum level control part 15 
5 comprises a vacuum flow throttle valve 16, a compressed 
air adjustment throttle valve 19, and a compressed air 
supply electromagnetic valve 18. A negative pressure 
sensor 10 is disposed on the vacuum pipe 9 to detect the 
vacuum level of the vacuum suction channel 7 , 

10 As shown in Fig. 1, a control part 10a is connected 

to the negative pressure sensor 10. This control part 
10a controls the operation of the compressed air supply 
electromagnetic valve 18. 

In Fig. 1, the conveyor table 2 with its work 

15 receiving openings 5 and the table base 3 with its 
vacuum suction channels 7 constitute a vacuum leak 
generation part of the vacuum suction system. The vacuum 
pipe 9 and the vacuvim generation source 17 constitute a 
vacuTjm generation mechanism. The negative pressure 

20 sensor 10, the control part 10a, the compressed air 
supply electromagnetic valve (adjustment part) 18, and 
the compressed air generation source 20 constitute a 
vacuum level adjustment mechanism. 

Operation of the vacuum suction system of the 

25 present invention according to this embodiment will be 
explained below. 

In Fig. 3, a work W is loaded into the work 
receiving opening 5 using a loading means (not shown) in 
the work loading area of the work conveyor apparatus 1 . 

30 The work W loaded into the work receiving opening 5 is 
rotatably conveyed by the conveyor table 2 , and 
thereafter discharged from the work receiving opening 5 
in the work discharge area of the work conveyor 
apparatus 1 by means of a jet of compressed air from the 

35 jetting nozzle 11. 

During this process, the negative pressure sensor 



10 detects the vacuum level inside the vacuiom pipe 9 
connected to the work receiving opening 5 and the vacuum 
suction channel 7 . In other words , the vacuum level of 
the vacuum leak generation part is detected. 
5 A signal from the negative pressure sensor 10 is 

sent to the control part 10a, wherein the ON/OFF 
hysteresis process shown in Fig. 2 is carried out 
between the maximiom level P2 and the minimxam level PI . 
In other words, the corrqpressed air supply 

10 electromagnetic valve 18 is operated by the control part 
10a to turn ON when the control part 10a receives a 
signal from the negative pressure sensor 10 indicating 
that the vacuum level is higher than the maximum level 
P2 , and the compressed air supply electromagnetic valve 

15 18 is operated by the control part 10a to turn OFF when 
the vacuTjm level is below the minimum level PI. 

In Fig. 2, P3 indicates an extremely high level 
higher than the maximxim level P2 at which the present 
invention's functions are carried out. 

20 As mentioned above, the negative pressure in the 

vacuum suction channel 7, which is generated by the 
vacuum generation source 17 via the throttle valve 16, 
creates a further negative pressure in the work 
receiving openings 5 , as the vacuum suction channel 7 

25 communicates with each work receiving opening 5 through 
the minute suction channel 6. Therefore, as shown in Fig. 
2, as the work load rate rises, the vacuxam level within 
the work receiving opening 5 and the vacuum suction 
channel 7 also rises. If the signal from the negative 

30 pressure sensor 10 reaches the maximum level P2, an ON 
signal is sent from the control part 10a in order to 
control the compressed air supply electromagnetic valve 
18 so that the compressed air is jetted intermittently. 

As the compressed air supply electromagnetic valve 

35 18 is operated so as to jet compressed air 
intermittently, the compressed air P4 supplied from the 
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compressed air generation source 20 is adjusted by the 
throttle valve 19 to be supplied into the vacuum pipe 9 
intermittently based on the jetting time tl and the 
pause time t2 . In this way, the negative pressure in the 
5 vacuiam suction channel 7 is controlled. 

On the other hand, when the vacuum level in the 
vacuum suction channel 7 decreases, and the signal from 
the negative pressure sensor 10 reaches the minimxam PI 
level, the control part 10a turns off the operation 

10 signal to the compressed air supply electromagnetic 
valve 18 and the compressed air P4 is stopped. When the 
supply of the compressed air P4 is stopped, the vacuum 
level within the vacuum pipe 9 gradually increases and 
the operations mentioned previously are repeated, 

15 Through these operations, the vacuum level within the 
vacuum pipe 9 is stabilized between the maximum level P2 
and the minimum level PI . 

As shown in Fig, 4, the work receiving opening 5 
and the vacuum suction channel 7 are connected by the 

20 minute sectional suction channel 6. Fig, 1 shows that 
this minute sectional suction channel 6 has a function 
similar to a stop valve because it has a flow resistance. 
Therefore, even if a work W is not loaded into the work 
receiving opening 5, the amount of air flowing to the 

25 work receiving opening 5 can be limited, and the decline 
in the vacuijm level within the vacuiom suction channel 
can be prevented. 

In the previously explained embodiment, the 
compressed air is jetted intermittently using the 

30 compressed air supply electromagnetic valve 18, but the 
compressed air can also be jetted continuously. The work 
conveyor apparatus 1 is described, but the present 
invention can also be applied to any vacuum suction 
system in which there are large changes in pressure. 

35 According to the invention explained above, the 

vacuum level in the vacuum leak generation part can be 
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stabilized. In this case^ if the work conveyor table 
with work receiving openings is used as a vacuum leak 
generation part, the works can be stably loaded into the 
work receiving openings, the works can be stably 
discharged from work receiving openings, and the works 
can be stably conveyed by the work conveyor table. 



